
, S e r v i c e s  Provided i n  Support of t he  Planetary Quarantine Requirements 
o f  t he  

NationaliAeronautics andlSpace Adminis t ra t ion 
under Contract R-137 

1 1 1  Report No. 19 
.July - September 1967- 

Conducted by 

P lane ta ry  Quarantine Unit  
Phoenix F ie ld  S t a t i o n  Sec t ion  

Ecological  I n v e s t i g a t i o n s  Program 
National  Communicable Disease Center 

Pub l i c  Health Se rv ice  / 
U.S. Department of  Heal th ,  Education, and Welfare 

Phoenix, Arizona 

CONTXIBUTORS : 

b 
* 

Research A c t i v i t y  C e r t i f i c a t i o n  and Inspect ion S t e r i l i t y  Control Laboratory 

W. Bond 
J. Marshal l  
L. G u t i e r r e z  

N. Pe t e r sen  
R. Graves 

J. Puleo 
N. F i e l d s  
B. Moore 

Report  submitted by: Report redeewed and forwarded by: 

M. SL Favero, Chief 
P l a n e t a r y  Quarantine Unit 

October 10, 1967 ’ 



1. 
' impact of v i a b l e  microorganisms from wi th in  s o l i d s  were completed. A model 

Pre l iminary  phases of a s tudy t o  determine Eke probatiliiy of r c k a s e  upzn 

system was u t i l i z e d  i n  which methyl methacrylate  conta in ing  spores  of 
B a c i l l u s  s u b t i l i s  v a r .  n i g e r  was polymerized to  form a hard,  c l e a r ,  
impervious p l a s t i c .  
achieved by d i s so lv ing  the  p l a s t i c  i n  acetone,  f i l t e r i n g  the  s o l u t i o n  
through a s o l v e n t - r e s i s t a n t  membrane f i l t e r ,  and p l a t i n g  the  f i l t e r  on 
t r y p t i c a s e  soy agar (%SA). Impact was simulated on a model b a s i s  by break- 
i n g  a p l a s t i c  d i s k  along a s i n g l e  plane, thereby c o n s i s t e n t l y  exposing a 
measurable i n t e r n a l  area of  t h e  plastic. The d i s k  fragments were placed i n  
tubes con ta in ing  t r y p t i c a s e  soy broth (TSB) and incubated a t  32 C f o r  30 days. 
Release of  a t  least one v i a b l e  microorganism was ind ica t ed  by the  occurrence 
of v i s i b l e  growth of g. s u b t i l i s  ve r ,  n ige r  i n  t h e  b ro th .  By f r a c t u r i n g  
and incubat ing  sepa ra t e ly  20 d i s k s  from a s i n g l e  batch of  p las t ic ,  t he  
percent  of tubes p o s i t i v e  f o r  growth provided a d a t a  po in t  approximating 
the  p r a b a b i l i t y  of  release of  a t  l e a s t  one v i a b l e  microorganism from a 
known su r face  area of p l a s t i c  

Quantitatilve a n a l y s i s  of t he  spore  concen t r a t ion  was 

having a known spore  concent ra t ion  

Experiments t o  d a t e  have provided 280 d a t a  p o i n t s  r e l a t i n g  p r o b a b i l i t y  of  
release, spore  concent ra t ion  and su r face  area exposed. The data f i t  
s t r a i g h t - l i n e  r e l a t i o n s h i p s  which could provide a method of e s t ima t ing  the  
p r o b a b i l i t y  of release f o r  any combination of spore concen t r a t ion  and 
exposed s u r f a c e  area. 

2 .  E f f o r t s  t o  f ind  a s a t i s f a c t o r y  device f o r  phys i ca l ly  measuring the  a b i l i t y  
of an  u l t r a s o n i c  ba th  t o  remove microbial  contamination from su r faces  
continued t o  be unsuccessful .  Accordingly, s t u d i e s  to  develop a method of 
determining the  a c c e p t a b i l i t y  of a u n i t  f o r  use  wi th  the  "Standard 
Procedures f o r  t he  Microbiological  Examination of Space Hardware" were 
d i r e c t e d  toward the  u t i l i z a t i o n  of  microbiological  i n d i c a t o r s  The most 
promising approach involves  inocu la t ing  s t a i n l e s s  steel s t r i p s  wi th  test 
spores  i n  a s tandard manner and determining the  e f f i c a c y  of an  u l t r a s o n i c  
ba th  i n  recover ing  the  test spores  when used i n  a s p e c i f i e d  s tandard 
manner 
s t r i p s  wi th  test spores  and subsequently removing them by u l t r a s o n i c a t i o n  
were s t u d i e d .  Aerosol prepara t ions  of a n  e thano l  suspension of spores  i n  
a closed chamber followed by depos i t ion  of t he  spores  on s t a i n l e s s  steel 
s t r i p s  appeared to  produce a n  inoculum wi th  the  smallest amount of  v a r i a t i o n  
between s t r i p s  ( c o e f f i c i e n t  of v a r i a t i o n  = 14%) However, a t  low concen- 
t r a t i o n s  some d i f f i c u l t y  was experienced i n  c o n s i s t e n t l y  achiev ing  the  
des i r ed  mean va lues .  

Various combinations of procedures f o r  i nocu la t ing  s t a i n l e s s  s t e e l  

A technique was developed by which drops ,  o f  approximately 
be placed on s t a i n l e s s  steel s t r i p s  i n  any number o r  l o c a t i o n  des i r ed  
This  was done using a #O Leroy l e t t e r i n g  pen and touching i t  t o  a s t a i n l e s s  
steel s u r f a c e  i n  a manner s i m i l a r  to making a pe r iod .  
wi th  a water suspension conta in ing  1 x 105 spores  per  m l  each drop would be 
expected t o  con ta in  an average of  one spore  A test i n  which 31 sets of 
s i x  s t r i p s  each were inoculated w i t h  30 drops per  s t r i p  r e s u l t e d  i n  a mean 
depos i t i on  of  29 spores  pe r  s t r i p .  However, t he  v a r i a t i o n  was s l i g h t l y  
h igher  than wi th  t h e  ae roso l  method ( c o e f f i c i e n t  of v a r i a t i o n  = 23%) 

m l ,  could 

By f i l l i n g  the  pen 

Because u l t r a s o n i c  ba ths  are manufactured i n  var ious  conf igu ra t ions ,  s e v e r a l  
methods of  u l t r a s o n i c a t i n g  t h e  s t a i n l e s s  steel s t r i p s  i n  a manner a p p l i c a b l e  
t o  a l l  s i z e s  and shapes o f  ba ths  were t e s t e d .  However, a d d i t i o n a l  tests 
must be conducted be fo re  the  f i n a l  s e l e c t i o n  of a method is made. 
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3 .  Comparative s t u d i e s  were continued on ihe recovery nf microorganisms by 

f r e s h  meat in fus ion  media and t r y p t i c a s e  soy aga r .  It was reported earlier 
(Report #18) t h a t  pork in fus ion  t h i o g l y c o l l a t e  aga r  (PIT) was epproximately 
t h r e e  to four  times more e f f i c i e n t  than TSA f o r  recovering pure c u l t u r e s  
o f  anaerobic  spores  in ju red  by d r y  heat  
g r e a t  enough t o  j u s t i f y  t h e  use of  PIT r o u t i n e l y  because of  t he  increased 
amount of  time, money, and v a r i a t i o n  among batches t h a t  is assoc ia t ed  with 
i t s  p repa ra t ion  and use. However i t  was f e l t  t h a t  PIT should be f i e l d  
t e s t e d  i n  o rde r  t o  determine i ts  e f f i c i e n c y  f o r  recovery o f  n a t u r a l l y  
occur r ing  microorganisms Two experiments were performed i n  Phoenix and 
one a t  Cape Kennedy The general  procedure was t o  expose 50 t o  60 s t a i n l e s s  
steel: s t r i p s  t o  the  intramural  environments of a conference room (Phoenix) 
and s p a c e c r a f t  assembly area (Cape Kennedy) Each s t r i p  was assayed 
according t o  t h e  "Standard Procedures f o r  the Microbiological Examination 
of Space Hardware However. i n s t ead  o f  p l a t i n g  two 5 m l  p o r t i o n s ,  one was 
p la t ed  with TSA and t h e  o t h e r  with PIT The r e s u l t s  (Table 1) showed t h a t  
i n  most cases TSA recovered s i g n i f i c a n t l y  more ae rob ic  and anaerobic 
microorganisms than PIT. I n  add i t ion ,  TSA. i n  most c a s e s ,  recovered 
s l i g h t l y  more o r  e s s e n t i a l l y  t h e  same number of  ae rob ic  and anaerobic spores  
than PIT 
earlier t h e r e  does not appear t o  be any j u s t i f i c a t i o n  f o r  r ep lac ing  TSA with 
PIT f o r  r o u t i n e  use.  

This  d i f f e r e n c e  was not  considered 

Considering the r e s u l t s  of t hese  s t u d i e s  and those reported 

Seve ra l  experiments were performed to  determine the  e f f e c t  of r i n s e  f l u i d  
temperature (1% peptone water) on the enumeration of b a c t e r i a l  spores  from 
mixed populat ions by h e a t  shock. Some i n v e s t i g a t o r s  fee l  t h a t  some spores  
may germinate i n  peptone water if i t  is held a t  room temperature f o r  a s h o r t  
t i m e  p r i o r  t o  the h e a t  shock. I f  t h i s  were t r u e  the spore counts would be . 
reduced markedly I n  one series of experiments s t a i n l e s s  steel  s t r i p s  which 
had been exposed t o  a r e l a t i v e l y  "dirty" area were employed. Each s t r i p  
was placed i n  a 4 oz b o t t l e  containing 50 m l  of  1% peptone water a t  4 C 
and then insonated f o r  12 minutes i n  a n  u l t r a s o n i c  bath The b o t t l e s  were 
placed immediately i n t o  an ice  ba th  and the  peptone water was divided i n t o  
two por t ions  
p r i o r  t o  being placed i n  a water bath a t  80 C f o r  20 minutes. Duplicate  
5 m l  po r t ions  were plated with TSA and incubated a t  32 C f o r  72 hours.  
r e s u l t s  (Table 2) showed t h a t  i n  two experiments t he  spore counts  were two 
t o  t h r e e  times higher  when t h e  peptone water was kep t  a t  the cold temperature 
r a t h e r  than a t  room temperature In the  o t h e r  two experiments no marked 
d i f f e r e n c e s  i n  spore counts occurred between peptone water kept  cold and a t  
room temperature p r i o r  t o  h e a t  shock. I n  e similar experiment s t a i n l e s s  
steel  s t r i p s ,  which had been previously exposed t o  n a t u r a l l y  occur r ing  
a i r b o r n e  contamination, were processed according t o  t h e  "Standard Procedures 
f o r  t he  Examination o f  Space Hardware" wi th  the  following exception: 
of the  s t r i p s  were placed i n  b o t t l e s  con ta in ing  50 m l  of cold (4 C) peptone 
water and insonated f o r  12 minutes i n  an u l t r a s o n i c  bath (bath temperature 
was 18 t o  20 C ) .  The suspensions were then h e a t  shocked, and 5 m l  po r t ions  
were p la t ed  i n  quadrupl icate  with TSA and incubated a t  32 C f o r  72 hours 
The remaining s t r i p s  were processed i n  the s tandard fashion i n  which the  
temperature of the peptone water was 25 C. 
and incubated as described above. There was no marked d i f f e r e n c e  i n  spore 
counts  between the samples processed a t  t h e  d i f f e r e n t  temperatures (Table 3 ) .  

One was kept  a t  4 C and the  o t h e r  a t  25 C f o r  30 minutes 

The 

h a l f  

The suspensions were p la t ed  

Since many workers who use t h e  NASA "standard procedures" have suggested t h a t  
co ld  peptone water be used i n  conjunction wi th  spore a s says ,  t hese  s t u d i e s  
w i l l  be continued at Phoenix and a t ' C a p c ' B . e .  

2 



4 .  Stud ies  were continued on the  k i n e t i c s  of d ry  h e a t  i n a c t i v a t i o n  
Emphasis was placed on determining D 1 2 5 ~  va lues  f o r  s o i l  samples from 
va r ious  areas i n  the  United S t a t e s  where spacec ra f t  are f a b r i c a t e d ,  
assembled, t e s t e d ,  o r  launched. It was f e l t  t h a t  us ing  n a t u r a l l y  occurr ing  
spore  populat ions r a t h e r  than s o i l d  i s o l a t e s  which are a r t i f i c i a l l y  cu l tu red  
and sporu la ted  would y i e l d  more use fu l  and p e r t i n e n t  information 
hundred grams of  each s o i l  sample were d r i ed  f o r  48 hours a t  50 C i n  a 
1-liter Erlenmeyer f l a s k .  One-hundred milliliters of  95% e thano l  were 
added t o  the  d r i ed  soil. and the  suspension was insonated f o r  30 minutes i n  
an u l t r a s o n i c  ba th  t o  break up clumps of microorganisms and s o i l  The 
suspension was f i l t e r e d  through a sterile l i n e n  towel t o  remove excess  
d e b r i s  and l a r g e  s o i l  p a r t i c l e s  Af te r  t h i s  t reatment  no vege ta t ive  b a c t e r i a ,  
fungi ,  o r  actinomycetes were de tec ted .  The remaining microbia l  f l o r a  
cons i s t ed  o f  b a c t e r i a l  spores  
e thano l  does no t  a l te r  the  d r y  h e a t  r e s i s t a n c e  of  spores  

One- 

We have shown previously t h a t  s to rage  i n  

The tests were performed as follows: steri le s t a i n l e s s  s teel  s t r i p s  
(1/2" x 1/2") were inoculated wi th  0.05 m l  o f  t he  s o i l  suspension and 
d r i ed  under vacuum f o r  16 hours i n  a des i cca to r  over s i l i c a  g e l  For each 
of  6 i n t e r v a l s  
a t  125 C f o r  t he  des i red  period 
come up t o  temperature,  t h i s  amount of t i m e  w a s  added t o  the  exposure 
i n t e r v a l  For  example, i f  the  exposure i n t e r v a l  was 25 minutes t h e  s t r i p s  
were exposed f o r  a t o t a l  t i m e  o f  27-1/2 minutes.  Immediately af ter  hea t ing  
the  s t r i p s  were placed i n  tubes conta in ing  10 m l  o f  c h i l l e d .  buffered 
d i s t i l l e d  water and s e v e r a l  glass beads,  and insonated f o r  12 minutes i n  
an u l t r a s o n i c  ba th .  
p la ted  i n  t r i p l i c a t e  wi th  TSA One set of s t r i p s  was used as a c o n t r o l  
(no hea t )  and s i x  were heated f o r  the des i red  times. Three a d d i t i o n a l  
s t e r i l e  s t r i p s  were processed as s t e r i l i t y  c o n t r o l s .  
made after 48 hours of  incubat ion a t  32 C A f t e r  s eve ra l  experiments i t  was 
observed t h a t  d iphas i c  surv ivor  curves were being obtained (Table 4) This  
phenomenon occurred f o r  a l l  samples. With the  except ion of  t h e  sample gem 
Phoenix, a l l  had a prel iminary phase l a s t i n g  from 10 t o  15 minutes and D125C 
values  oomgh$ €rem 4.7 t o  20.3 minutes and secondary phases ranging from 
24 5 t o  52 1 minutes. 
2-112 t o  5 times higher  than those of t he  f i r s t  phase. 

t h ree  s t r i p s  were suspended i n  a d r y  hea t  oven (forced a i r )  
Since the  s t r i p s  take  2-1/2 minutes t o  

The suspensions were d i l u t e d  a p p r o w i s t e l y  and 

Colony counts  were 

The secondary phases had D125c values  approximately 

The sample conta in ing  the  most hea t  r e s i s t a n t  spore  f l o r a  was the  one 
c o l l e c t e d  i n  Phoenix (Sample X ) .  
first phase was 26.7,  27.9,  and 26.7. The D125(i f o r  t h e  secondary phases 
var ied  depending on t h e  t o t a l  t i m e  of exposure This  
may have been due to  t h e  presence of more than two phases. 
i s  q u i t e  ev ident  t h a t  t he re  were a t  lease two spore populat ions,  having 
sepa ra t e  D125C va lues .  

Colonies surv iv ing  from Sample X heated f o r  120 minutes a t  125 C were picked. 
cu l tu red  and sporulated i n  TAM agar supplemented wi th  MgSO4,und CdC12. 
r e s u l t a n t  spore  c rop  was harvested.  cleaned and s to red  i n  95% e thanol .  
of t h i s  suspension was then mixed wi th  the  o r i g i n a l  s o i l  suspension,  which 
had been cent r i fuged  and d r y  hea t  s t e r i l i z e d ,  so t h a t  i t  contained 
approximately the  same number of  spores  per  unit-volume as d id  the  o r i g i n a l  
s o i l  suspension p r i o r  to  being s t e r i l i z e d  
f o r  t hese  a r t i f i c i a l l y  cu l tured  spores  wi th  and without  (naked) the  presence 
of s o i l .  The r e s u l t s  (Table 5) showed t h a t  t he re  w a s  no d i f f e r e n c e  i n  t h e  
D125c va lues  and t h a t  t h e  survivor  curves were monophasic Consequently the  

In  th ree  experiments the  D125C fo r  t h e  

Table 4,  Figure 1) 
I n  any case i t  

'?he 
P a r t  

D125C va lues  were determined 

3 



s o i l  p e r  s e  d i d  no t  seem t o  a l te r  heat  r e s i s t a n c e  by phys ica l  p ro t ec t ion .  
In  a d d i t i o n  the  D,,,, values  of the a r t i f i c i a l l y  cultured spnres $?ere much 
less than those oP'Ske second phase of the o r i g i n a l  s o i l  suspension from 
which they were i s o l a t e d .  This i nd ica t e s  t h a t  t he  n a t u r a l l y  occurr ing  
spores  l o s t  some h e a t  r e s i s t a n c e  after being grown on a r t i f i c i a l  c u l t u r e  
media . 

The d iphas i c  surv ivor  curves  did not appear to  be t h e  r e s u l t s  of technique- 
induced a r t i f a c t s .  
n i a e r ,  3. cereus  T .  3 
monophasic curves .  I n  add i t ion  the  s o i l d  suspensions d id  not  appear t o  
a l t e r  t he  h e a t  r e s i s t a n c e  o r  rate of d e s t r u c t i o n  of t he  spores  wi th  which 
i t  was as soc ia t ed .  

A l l  pure c u l t u r e s  of spores  inc luding  1 s u b t i l i s  v a r .  
s u b t i l i s  5230 and a l l  s o i l  isolates have produced 

These s t u d i e s  w i l l  be continued and samples from o t h e r  areas w i l l  be 
examined. 

5 .  Stud ies  on l e v e l s  of microbial  contamination i n  the  in t ramura l  environments 
of t he  Hanger A 0  c l e a n  room, area 60-A s t e r i l i z a t i o n  and assembly l abora to ry ,  
and the  Surveyor f u e l  loading room were cont inued.  S imi la r  s t u d i e s  were 
i n i t i a t e d  i n  the  var ious  Apollo f a c i l i t i e s .  F igure  2 d e p i c t s  t he  Apollo 
a r e a s ,  inc luding  the  spacesu i t  and l i f e  support  system, and the  movement 
o f  s p a c e c r a f t  through them Levels of a i rbo rne  contamination i n  Apollo 
areas are presented i n  Tables 6, 7 and 8 .  Table 9 shows the  l e v e l s  of 
microorganisms accumulating on stainless steel s t r i p s  exposed i n  the  
in t eg ra t ed  test s tand #2, t he  spacesui t  c l ean  room, and the  backpack l i f e  
support  system c l e a n  room. 

Swab samples were taken from Lunar Orb i t e r  3, Surveyor 4, A-IMP-E, 
Surveyor 5 and Surveyor 6 .  R e s u l t s  are shown i n  Tables 10, 11 and 12 .  

6 .  Work h a s  resumed on t h e  b ioc lean  room and acceptance t e s t i n g  began the  
l as t  week i n  September. The f i l t e r  framing system f o r  t he  c e i l i n g  has 
been completely redesigned.  The o r i g i n a l  framing system and f i l t e r s  have 
been removed and w i l l  be replaced in accordance with the  new des ign .  

4 
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TABLE 2 .  EFFECT OF RINSE WATER TEMPERATURE DURING STORAGE AND PRIOR 

TO HEAT SHOCK ON THE RECOVERY OF BACTERIAL SPORES. 

Experiment No. of tests 
Mean colony count 

Cold1 Room temperatureL 

1 10 

2 10 

3 11 

4 6 

30.0 

23.6 

39.7 

4 3 . 1  

9 .9  

9.5 

40 .3  

37.0 

- ~ ~~~ 

Each s t r i p  was placed i n  50 ml of 1'% peptone water which was kept  

co ld  dur ing  u l t r a s o n i c a t i o n  (12 minutes) and f o r  30 minutes p r i o r  

to being placed i n  a water bath a t  80 C f o r  20 minutes. ', 

* The same as above except  t h a t  the temperature of  t he  peptone water 

was maintained a t  25 C f o r  30 minutes a f t e r  u l t r a s o n i c a t i o n  and 

. p r i o r  t o  h e a t  shock. 



TABLE 3. COMPARATIVE SPORE COUNTS OF NATURALLY OCCURRING AIRBORNE 

MICROBIAL POPULATIONS ON STAINLESS STEEL S T R I P S  WHEN COLD (4 C) AND 

WARM (25 C) PEPTONE WATER WERE USED AS THE RINSE FLUID. 

Rinse f l u i d  Mean colony count1 Range 

Cold 

Warm 

3.7 

2.3  

0 .5  - 25.5 

1.0 - 6 . 2  

Twenty-four s t r i p s  were processed at  each temperature. The r inse  

f l u i d  from each s t r i p  was heat shocked for 15 minutes (plus 5 

minutes for come-up t i m e )  and plated i n  quadruplicate with 

trypt icase  soy agar. 

\ 
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